To the Editor:

Idiopathic pulmonary fibrosis (IPF) is a devastating and eventually fatal diffuse parenchymal lung disorder that largely remains refractory to pharmacological therapies \[[@C1]\]. IPF is characterised by excessive fibroblast proliferation leading to the formation of fibroblast foci secreting extracellular matrix, with subsequent disruption of pulmonary structure and function. Despite progress in the understanding of the pathogenesis of IPF, novel treatment modalities show limited efficacy and the prognosis of IPF only slowly improves, with current 5-year mortality rates still ranging from 70% to 80%. To boost prognosis and to rise above incremental reductions in mortality rates of IPF patients, innovative and unorthodox treatment modalities are eagerly awaited.

Key hallmarks of IPF, like uncontrolled proliferation, disturbed cell-to-cell communication, constitutive activation of intracellular signal transduction pathways and resistance to apoptosis, are reminiscent of those observed in cancer. Based on the similarities in pathogenic mechanisms, IPF has been proposed to behave like a malignant disorder of the lung \[[@C2]\]. In line with this notion, IPF and cancer share several cellular and molecular aberrations, like epigenetic and genetic changes, delayed apoptosis, altered response to regulatory signals, deregulated microRNA expression, reduced cell-cell communication and activation of specific developmental or remodelling pathways \[[@C3]\]. Envisioning IPF as a cancer-like disease may indeed be an interesting and unorthodox approach in the fight against IPF as it would allow to take advantage of the enormous knowledge in cancer biology and to treat IPF patients with drugs known to effectively limit cancer progression \[[@C4]\]. Importantly however, several arguments against IPF as cancer-like disease have been put forward of which the lack of metastasis in IPF as opposed to cancer is most mentioned although it is important to realise that not all cancers metastasise. Consequently, the validity to consider IPF as a cancer-like disorder is under debate and no consensus has been reached yet. In the current study, we explored the similarity between IPF and cancer at the transcriptome level by comparing gene expression datasets of IPF and non-small cell lung cancer (NSCLC) (the most common type of lung cancer, accounting for 85--90% of all lung cancers) patients.

To derive genes differentially expressed between IPF patients and nondiseased controls, we selected the two largest IPF gene expression datasets available containing 119 patients and 50 controls (GSE32537 \[[@C5]\]) and 160 patients and 108 controls (GSE47460). Using the R2 microarray analysis and visualisation platform (<http://r2.amc.nl>), we identified 1251 genes that were differentially expressed in the GSE32537 set and 2064 genes that were differentially expressed in the GSE47460 set (with a statistical cut-off of false discovery rate-corrected p-values \<0.01 and a fold change \>1.5) ([figure 1a](#F1){ref-type="fig"}). The subsequent comparison of the differentially expressed genes led to an IPF gene signature containing 771 genes that are consistently up- or downregulated in IPF patients as compared to controls. Analysis of this IPF gene signature in two of the largest NSCLC datasets available, containing expression data of 46 tumour and 45 nontumour samples (GSE18842 \[[@C6]\]) and 91 tumour and 65 nontumour samples (GSE19188 \[[@C7]\]), revealed that 512 of the 771 genes were also differently expressed in both NSCLC datasets. Interestingly, however, only 123 genes were upregulated in both IPF and NSCLC whereas even a larger proportion of genes upregulated in IPF patients (n=127) was actually downregulated in NSCLC patients ([figure 1b](#F1){ref-type="fig"} and c). Of the genes downregulated in IPF, the vast majority was also downregulated in NSCLC and only five of these genes were upregulated in NSCLC. The IPF gene expression profile thus seems to partly overlap with NSCLC profiles but especially genes upregulated in both patient groups are relatively scarce and outnumbered by genes that are upregulated in IPF but downregulated in NSCLC.

![Comparison between idiopathic pulmonary fibrosis (IPF) and non-small cell lung cancer (NSCLC) transcriptomes. a) Venn diagrams showing the overlap in differently expressed genes (false discovery rate (FDR)-corrected p-values \<0.05 and a fold change \>1.5) in the GSE32537 and GSE47460 IPF datasets (upper left), the GSE18842 and GSE19188 NSCLC datasets (upper right) and the overlap in differentially expressed IPF and NSCLC genes (lower Venn diagram). b) Heatmap of the 771 genes differently regulated genes in IPF (455 upregulated and 316 downregulated) in the different IPF and NSCLC datasets. Green denotes low expression and red denotes high expression. c) Venn diagram of the 512 genes differentially expressed both in the IPF and NSCLC datasets showing that 123 genes were upregulated in both IPF and NSCLC, 257 genes were downregulated in both IPF and NSCLC, 127 genes were upregulated in IPF but downregulated in NSCLC and five genes were downregulated in IPF but upregulated in NSCLC. d) Gene ontology enrichment analysis of the different (*i.e.* upregulated--upregulated, upregulated--downregulated and downregulated--downregulated for IPF and NSCLC) gene signatures. Ctrl: control; Pt: patient.](00157-2018.01){#F1}

To determine whether the different gene signatures are associated with specific biological processes, gene ontology enrichment analysis was performed \[[@C8]\]. As shown in [figure 1d](#F1){ref-type="fig"}, the 123 gene signature of genes upregulated in both IPF and NSCLC that contains, amongst others, collagens and metalloproteases grouped into gene ontology categories like cell adhesion, extracellular matrix organisation and collagen catabolism ([figure 1d](#F1){ref-type="fig"}). Although this may not be surprising as all these processes are well known to be altered in both IPF and cancer, it suggests that drugs targeting the extracellular matrix or stromal compartment may hold promise in both disease entities. The 257 genes downregulated in both IPF and NSCLC were only significantly enriched in the angiogenesis gene ontology category. Obviously, angiogenesis is a key determinant in NSCLC and the antiangiogenic monoclonal antibody bevacizumab is a well-established treatment option for NSCLC patients \[[@C9]\]. Notably, deregulated angiogenesis is also a key phenomenon in IPF but the actual importance remains elusive as angiogenesis may exert both pro- and antifibrotic responses \[[@C10]\]. The 127 gene signature of genes upregulated in IPF but downregulated in NSCLC patients grouped into gene ontology categories related to ciliogenesis (*i.e.* cilium movement and cilium organisation). This may be of particular interest as excessive ciliogenesis has been suggested to contribute to fibrogenesis during IPF \[[@C11]\], whereas loss of cilia has been associated with the onset of malignancy in some human tumours \[[@C12]\]. Alternative studies suggest, however, that cilia appear to be necessary for cancer progression and a recent study shows that ciliogenesis mediates drug resistance \[[@C13]\], highlighting that the role of cilia in cancer is not straightforward.

Overall, a picture seems to emerge that IPF and NSCLC are rather divergent on the global transcriptome level but a limited number of genes show similar regulation. As these genes, however, group in gene ontology categories well known to play key roles in both IPF and cancer, it could well be that specific treatments already successfully employed in cancer patients may hold promise in the setting of IPF as well. The Food and Drug Administration approval of nintedanib, a tyrosine kinase inhibitor traditionally used to treat cancer patients, in the setting of IPF is obviously the best example of the applicability of cancer drugs in IPF. Several other drugs developed as anticancer agents, like GSK2126458 (a potent inhibitor of phosphoinositol 3-kinase and mammalian target of rapamycin) and UCN-01 (a competitive ATP inhibitor targeting several kinases that also reactivates FoxO3), also show great promise in pre-clinical models of IPF \[[@C14], [@C15]\], suggesting that alternative anticancer drugs may ultimately be used in the treatment of IPF. Despite these promising examples of anticancer drugs as potential treatment modalities for IPF, we believe that the transcriptome data argue against the general nature of anticancer drugs as anti-IPF drugs. Cancer drugs targeting the 123 genes of IPF- and NSCLC-induced signature may be attractive candidates in the setting of IPF but drugs targeting genes of the other signatures do not seem first-choice treatments. Overall, designating IPF as a cancer-like disease is interesting and unorthodox but IPF specific treatments may hold greater promise. The main advantage of designating IPF as a cancer-like disease may therefore be an increased awareness of this deadly disease \[[@C4]\] leading to additional funds allowing the most talented researchers to work on IPF.
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